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(57) This heat exchanger is formed of partition walls 
(33) in the casings(7) provided in an exhaust passage 
(8). fluid passages(36), in which the water or steam 
flows, formed on the inner side of the partition walls(33), 
and an exhaust gas passage(29) 5 in which an exhaust 
gas flows, formed on the outer side of the partition walls 
(33). The porous ceramic members(38, 42) provided in 
the fluid passages(36) and exhaust gas passage{29) 
contain therein reinforcing members(39) obtained by 
mixing a fibrous material in a ceramic material. A gas 



engine(1) in which heat exchangers(4, 6) are incorpo- 
rated in an exhaust passage (8) is provided with a turbo- 
charger(3)-carrying energy recovery unit installed in the 
exhaust passage(8) to which an exhaust gas from the 
combustion chambers(1A, 1B) is discharged. The ener- 
gy recovery unit comprises a pair of heat exchangers(4, 
6) provided on the downstream side of the turbocharger 
(3), and a generalor(20)-carrying stream turbine(S) driv- 
en by the steam occurring in the heat exchanger(4) and 
provided in an upstream side portion of the exhaust pas- 
sage^). 
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Description 

This invention relates to a heat exchanger provided 
in an exhaust passage so as to recover the thermal en- 
ergy ot an exhaust gas discharged from combustion 
chambers, a heat exchange apparatus provided with at 
least a pair of such heat exchangers, and a gas engine 
provided with such a heat exchange apparatus in an ex- 
haust passage. 

A conventional turbocharger-carrying heat insulat- 
ing engine is provided with a turbine- and compressor- 
carrying turbocharger in a first stage of an exhaust sys- 
tem, and an energy recovery unit which comprises a 
generator-carrying turbine on the downstream side of 
the turbocharger. In such a heat insulating engine, each 
combustion chamber is formed to a heat insulating 
struclure. The thermal energy of an exhaust gas dis- 
charged Irom the combustion chambers is recovered as 
electric power by the turbocharger and energy recovery 
unit, or by carrying out a supercharging operation by 
driving the compressor in the turbocharger. 

The energy recovery systems adapted to prevent a 
decrease in an exhaust gas energy recovery efficiency 
for such a heat insulating engine include a recovery sys- 
tem disclosed in Japanese Patent Laid-Open No. 
179972/1993. Tnis energy recovery system has an en- 
ergy recovery unit provided with a first turbine installed 
in an exhaust passage, and a generator operated by Ihe 
first turbine; a turbocharger provided with a second tur- 
bine connected to an outlet side passage of the first tur- 
bine, and a supercharging compressor operated by the 
second turbine; and a waist gate provided in the outlet 
side passage of the first turbine. 

In a cogeneration system, power is taken out as 
electric energy by a generator and the water is heated 
with the electric power recovered from the thermal en- 
ergy of an exhaust gas and a heat exchanger provided 
in an exhaust passage to turn same into hot water, which 
is utilized as hot water supply. Such a cogeneration sys- 
tem is subjected to a rated operation, and has a small 
load change, it being expected to be utilized as a power 
supply system in urban and mountainous areas. 

Such cogeneration systems include a cogeneration 
system disclosed in Japanese Patent Laid-Open No. 
33707/1 994. In this cogeneration system, steam is gen- 
erated with the exhaust gas energy, and the steam en- 
ergy is recovered as electric energy, whereby a thermal 
efficience is improved, a turbocharger being driven by 
the energy of an exhaust gas from an insulating gas en- 
gine, a generator-carrying energy recovery unit being 
driven by the exhaust gas energy from the turbocharger. 
The thermal energy of an exhaust gas from the energy 
recovery unit is converted into steam in a first stage ex- 
changer, and a steam turbine is driven by this steam, 
whereby the thermal energy is recovered as electric en- 
ergy. The hot water is generated by the high-tempera- 
ture steam from the steam turbine in a second-stage 
heat exchanger, and is utilized as hot water supply. 



In order to obtain a generated output wfth a high 
efficiency by an engine using a natural gas as a fuel, 
combining a certain number of systems is effective. 
Since a natural gas is difficult to be burnt, it is preferable 
* to form each combustion chamber to a heat insulating 
structure and carry out the combustion of the gas excel- 
lently, and form the portions, which an exhaust gas dis- 
charged from the combustion chamber contacts, to heat 
insulating structures as well by using a material, such 
io as a ceramic material. In this type of heat insulating en- 
gine, forming the combustion chambers to heat insulat- 
ing structures, providing a turbocharger, and effectively 
recovering the pressure of an exhaust gas discharged 
from the combustion chambers are conceivable. In ad- 
is dition, recovering the thermal energy by a heat exchang- 
er irrespective of the pressure of Ihe exhaust gas dis- 
charged Irom the combustion chamber is also conceiv- 
able. However, since the exhaust gas is a gaseous body, 
the recovering of thermal energy from a gaseous body 
20 requires that a heat exchange portion of the heat ex- 
changer be formed to have a large surface area. 

The inventor of the present invention developed a 
heat exchanger using a porous ceramic material, and 
filed previously as Japanese Patent Application No. 
2S 118657/1997. As described in the specification in this 
patent application, a heat transfer quantity Q in a proc- 
ess for transferring heat between materials is expressed 
by the following equation. 

30 Q=K.As(T G -T s H 

wherein K represents a coefficient of overall heat trans- 
mission A s an average area of a heat transfer path. T G 
3S the temperature of a high -temperature gas, T s the tem- 
perature of a low-temperature medium, and t a heat 
transfer period. 

The coefficient of overall heat transmission K(kcal/ 
m 2 h°C) is expressed by the following equation. 

40 

K=1/(X 1 +X 2 +X 3 ) l 

wherein X 1 =(1/a g )x(A s /A 1 ), X 2 =(5 1 /X 1 )x(A s /A 2 ), 
45 X 3 =(1/a c )x(A s /A 3 ), ot g : a heat transfer coefficient of a 
high -temperature gas, X t : heat conductivity, a^: a heat 
transfer coefficient of a low-temperature portion, A, , Ag, 
A 3 : contact surface areas of heat transfer members, and 
the thickness of a wall. 
so When values are substituted for the heat transfer 
coefficient of an exhaust gas, the heat conductivity of a 
heat exchanger and the heat transfer coefficient of the 
steam in the above equation, it is understood that the 
contribution rates of the heat transfer coefficient of the 
ss exhaust gas and the heat transfer coefficient of dry 
steam greatly dominate a valu e of the coefficient of over- 
all heat transmission K. In order to reduce the values 
influencing that of the coefficient of overall heat trans- 
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mission K. it is necessary to reduce the contribution 
rates by increasing the values of A 1 and A 3 . Regarding 
the materials constituting the heat exchanger, it is nec- 
essary to reduce the heat conductivity and provide ex* 
cellent exhaust gas resisting characteristics. 

An aim of the present invention is to provide a heat 
exchange apparatus comprising series-arranged heat 
exchangers in an exhaust passage which is provided 
therein with porous ceramic members in view of the 
above-mentioned inconveniences so as to recover the 
thermal energy of an exhaust gas discharged from com- 
bustion chambers, whereby the area of a surface which 
fluids, such as exhaust gas and steam contact is in- 
creased: and which is reinforced at the porous ceramic 
members with a fibrous material so as to increase the 
strength of the exhaust passage. 

Another aim of the present invention is to provide a 
ceramic engine the thermal efficiency of which is im- 
proved by generating high-temperature steam by such 
a heat exchange apparatus as mentioned above, recov- 
ering the steam energy as steam pressure, driving a 
sleam turbine by the high-temperature steam and con- 
verting the sleam energy into electric energy, and effec- 
tively recovering the thermal energy of an exhaust gas. 

The present invention relates" lo a heat exchanger 
comprising casings incorporated in an exhaust passage 
in which an exhaust gas flows, partition walls arranged 
in the casings, a lower-temperature side passage, in 
which a low-temperature ffukJ flows, formed on the inner 
side of the partition walls, and a high-temperature side 
passage, in which the high-temperature exhaust gas 
flows, formed in the portions of the casings which are 
on the outer side of the partition walls, the fluid being 
heated with the exhaust gas, porous ceramic members 
being provided in the low-temperature side passage and 
high-temperature side passage, reinforcing members 
formed by mixing a fibrous material in a ceramic material 
being arranged in the porous ceramic members. 

The reinforcing members comprise a plurality of fins 
extending radially from the inner and outer surfaces of • 
the partition walls into the porous ceramic members. 
Each of the reinforcing members comprises a core por- 
tion of silicon carbide fibers or carbon fibers, and an out- 
er portion of silicon carbide. 

The reinforcing members provided in the high-tem- 
perature side passage in which an exhaust gas flows 
comprise core portions of non woven cloths of carbon 
fibers, and Si 3 N 4 layers formed by spreading a slurry, 
which is obtained by mixing Si powder with carbon pow- 
der, into the core^portions, coating the surfaces of the 
core portions with the slurry, and sintering the resultant 
products in a N 2 gas at a temperature of around 1 500* C- 
1 700* C so as to convert the slurry into Si 3 N 4 , the carbon 
fibers in. the core portions being coated with the Si 3 N 4 
layers. 

In another example, the reinforcing members con- 
stituting the high-temperature side passage in which the 
exhaust gas flows comprise a composite material con- 
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taining carbon fibers and silicon nitride, and the surface 
of the composite material is coated with silicon carbide. 

The porous ceramic members comprise silicon ni- 
tride, and the surface of the silicon nitride is coated with 
silicon carbide. Especially, the porous ceramic mem- 
bers arranged in the low-temperature side passage in 
which the water and steam constituting the fluid flows 
comprise silicon carbide or silicon nitride coaled with sil- 
icon carbide. The porous ceramic members arranged in 
the high-temperature side passage in which the exhaust 
gas flows comprise silicon nitride. Therefore, since the 
carbon fibers are coated with SiC. they do not contact 
the oxygen, and, since the carbon fibers are not oxi- 
dized, the strength thereof can be secured for a long 
period of time. Since the fibers of Si 3 N 4 are coated with 
SiC, the recrystallization does not occur among the par- 
ticles even when the temperature thereof becomes high, 
so that the strength of these fibers does not lower. 

The partition walls among which the exhaust gas 
flows comprise wall core portions of non woven cloths of 
carbon fibers, and silicon nitride formed by spreading a 
slurry, which is obtained by mixing Si . powder with car- 
bon powder, into the wall core portions, coating the sur- 
faces of the wall core portions with the slurry, and sin- 
tering the resultant products in a N 2 gas at a temperature 
of around 1500*C-1700°C so as to convert the slurry 
into silicon nitride, the carbon fibers being coated with 
the silicon nitride. 

The present invention also relates to a heat ex- 
change apparatus provided with a first stage heat ex- 
changer installed in an exhaust passage from which an 
exhaust gas is discharged, and adapted to heat steam 
with the exhaust gas. and a second stage heat exchang- 
er installed in the portion of the exhaust passage which 
is on the downstream side of the first stage heat ex- 
changer, and adapted to heat the water with the exhaust 
gas from the first stage heat exchanger and turn the 
same into steam, the first stage heat exchanger com- 
prising a steam passage provided in a first casing and 
provided with first porous ceramic members, and a first 
exhaust passage, in which the exhaust gas flows, pro- 
vided in the steam passage, the steam heated in the 
second stage heat exchanger flowing in the steam pas- 
sage, the second stage heat exchanger comprising a 
water-steam passage provided in a second casing 
formed adjacently to the first casing, and capable of stor- 
ing water therein, and a second exhaust gas passage 
formed around the water-steam passage and provided 
with second porous ceramic members therein, the ex- 
haust gas discharged from the first stage heat exchang- 
er flowing in the second exhaust gas passage. 

The steam passage and water-steam passage are 
provided therein with porous ceramic members respec- 
tively. In other words, the tubular bodies forming the first 
and second casings, first and second exhaust gas pas- 
sages, steam passage and water and steam passage 
are formed out of a ceramic material comprising SiC or 
AIN which has a high heat conductivity. 
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The second 6tage heal exchanger is provided on 
the lower side of the first stage heat exchanger, and the 
water-steam passage in the second stage heat ex- 
changer extends vertically, the heat exchange area of 
the steam passage in the first stage heat exchanger be- 
ing set large, the heat exchange area of the water-steam 
passage in the second stage heat exchanger being set 
small, the water being stored in a lower portion of the 
interior of the water-steam passage. 

In the first stage heat exchanger, the relation be- 
tween the exhaust gas contacting surface area of the 
first exhaust gas passage and the outer surface area ol. 
a tubular body constituting the first exhaust gas passage 
satisfies the following equation. 

A 1 :A 2 =(1/a fl ):(8 1 /X 1 ) 

wherein A, represents an exhaust gas contacting sur- 
face area, an outer surface area of a tubular body 
forming the exhaust gas passage, a g a heat transfer co- 
efficient of an exhaust gas, 5 t the thickness of the tubu- 
lar body forming the exhaust gas passage, and X, the 
heat conductivity of the material of the first stage heal 
exchanger. 

As mentioned previously, the coefficient of overall 
heat transmission K=1/(X,+X 2 +X 3 ), wherein: 

X^O/VXfAg/A,) 
X 2 =(*y*i)X(V A 2> 



X 3 =(1/« C )X(A S /A 3 ) 

Calculations are then made with the heat transfer 
coefficient of the high-temperature gas and that of a sol- 
id substituted for the corresponding members of the 
equation. 

An average surface area of a heat transfer path As 
shall be set to 1 as a unit area. a g =l30 kcal/m 2 h°C. 
When a silicon nitride member is used as a solid, X,=3.6 
kcal/m2h*C. Accordingly, judging from these values, the 
controlling of X v Xg, and X 3 is discussed in accordance 
with K=1/(X 1 +X^+X 3 ) having the smallest value, to dis- 
cover that reducing the values of the terms of X t and X 2 
by changing the area greatly is the most effective. For 
example, in order to reduce the value of X, to a level 
substantially equal to that of the value of X^ the area of 
A n in Xt may be increased around 15 times. 

Therefore, X,=X 2 . 

(1/a g )x(1/A 1 )=(8 1 /^)x(1/A 2 ) 
Accordingly, A 1 :A 2 =(1/a g ):(5 1 /X 1 ). 



In the second stage heat exchanger, the relation be- 
tween the exhaust gas contacting surface area of the 
second exhaust gas passage and the outer surface area 
of a tubular body constituting the water-steam passage 
s satisfies the following equation. 

A 3 :A 4 =(1/a c ):(VX 2 ) 

to wherein A 3 represents an exhaust gas contacting sur- 
face area, A* an outer surface area of a tubular body 
constituting the water-steam passage. <*c the heat 
transfer coefficient ol the steam. 82 the thickness of the 
tubular body constituting the water-steam passage, and 
is the heat conductivity of the material of the second 
stage heat exchanger. 

When 6, and \, are substituted for 82 and respec- 
tively in the above equation because of the different heat 
exchanger, X^=X 3 in the same manner as in the provi- 
so ous case. 

(6 l /X 1 )X(1/A 4 Hl/a c )X(1/A 3 ) 

25 Therefore, A^A^p/ac):^?^). 

Each casing and a tubular body forming each of the 
passages are formed out of a ceramic material of a low 
heat conductivity, such as SiC or AIN. 

The high-temperature steam generated by the first 
30 stage heat exchanger drives a steam turbine, and is 
converted into electric energy by a generator provided 
in the steam turbine. 

As described above, this heat exchange apparatus 
is formed compactly of a two-stage heat exchanger, and 
35 capable of increasing the enthalpy of steam. Especially, 
in the first stage heat exchanger the exhaust gas has a 
high temperature, and the heat transfer in the heat ex- 
change between the exhaust gas and steam is carried 
out sufficiently in the exhaust gas passage, in which the 
40 high-temperature exhaust gas flows, even when the ex- 
haust pipe comprises a small-diameter pipe, so that the 
steam can be superheated suficiently. In the second 
stage heat exchanger, heat exchange between an ex- 
hust gas and water is carried out, and the heat transfer 
45 of the water is high, so that a structure in which the wa- 
ter-steam passage is provided in the central portion of 
the exhaust gas passage sufficiently permits the trans- 
fer of heat to be attained. Furthermore, it is possible that 
the heat exchange contacting surface area for the ex- 
50 haust gas and steam and that for an exhaust gas and 
water be set properly, so that the heat exchange effi- 
ciency can be improved greatly. 

This heat exchange apparatus is formed compactly 
of a two-stage heat exchanger as described above, and, 
55 especially, the heat exchange contacting surface areas 
for an exhaust gas and steam, and exhaust gas and wa- 
ter can be set property. This enables the heat exchange 
efficiency to be improved greatly, the strength of the ap- 
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paratus to be increased, and the durability thereof to be- 
come high. When this heat exchange apparatus is in- 
corporated into a two-stage heat exchange apparatus, 
the thermal energy of the exhaust gas is heat ex- 
changed with water by the first- and second-stage heat s 
exchangers, and the water can be converted into high- 
temperature steam, the energy of the high-temperature 
steam being recovered as electric energy effectively by 
a steam turbine. 

The present invention also relates to a gas engine io 
provided with a heat exchange apparatus, comprising a 
fuel supply unit adapted to supply a gas fuel from a luel 
tank to combustion chambers, a turbocharger-carrying 
energy recovery unit provided in an exhaust passage 
through which an exhaust gas from the combustion J5 
chambers is discharged, a first stage heat exchanger 
provided in (he portion of the exhaust passage which is 
on the downstream side of the turbocharger, and adapt- 
ed to heat steam with the exhaust gas, and a second 
stage heat exchanger provided in the portion of the ex- 20 
haust passage which is on the downstream side of the 
first stage heat exchanger and adapted to heat the wa- 
ter with the exhaust gas from the first stage heat ex- 
changer and convert the same into steam. 

The steam turbine driven by the high-temperature 2s 
steam occurring in the first stage heat exchanger is 
adapted to generate power by a generator provided in 
the steam turbine. The second stage heat exchanger is 
adapted to heat the water with the exhaust gas passed 
through the first stage heat exchanger and convert the 30 
same into steam, which is then sent to the first stage 
heat exchanger in which it is heated to a higher temper- 
ature. 

This gas engine is provided with the above heat ex- 
change apparatus of a high heat exchange efficiency 35 
installed in the exhaust passage, and attains the recov- 
ery of energy by the heat exchange apapratus which 
does not require a high exhaust pressure. Since this en- 
gine is capable of reducing a loss by decreasing the 
back pressure, and recovering the exhaust heat energy 40 
effectively, the fuel consumption can be reduced. 

In this gas engine, a turbocharger is driven by the 
heat energy of an exhaust gas, and the heat energy is 
recovered by a compressor and a generator, steam be- 
ing generated by the first and second heat exchangers 4S 
by using the exhaust gas discharged from a turbine In 
a turbocharger, a steam turbine being driven by the 
steam, whereby the heat energy can be recovered as 
electric energy by the generator. In the gas engine, the 
exhaust gas heat energy is thus recovered by a heat so 
exchange apparatus instead of a conventional energy 
recovery turbine. Accordingly, a loss due to a back pres- 
sure occurring in a conventional gas engine does not 
occur, and the exhaust heat energy is recovered effec- 
tively, so that the fuel consumption can be reduced. 55 

This gas engine is provided with the above heat ex- 
change apparatus of a high heat exchange efficiency 
installed In the exhaust passage, and attains the recov- 



ery of energy by the heat exchange apparatus which 
does not require a high exhaust pressure. Since this en- 
gine is capable of reducing a loss by decreasing the 
back pressure, and recovering the exhaust heat energy 
effectively, the fuel consumption can be reduced. 

Since this gas engine is formed as described above, 
the exhaust gas energy can be recovered effectively by 
the turbocharger. and first and second 6tage heat ex- 
changers which are provided in the exhaust passage. 
In this heat exchange apparatus, the heat energy of the 
exhaust gas is subjected to heat exchange with water 
by the first stage heat exchanger and second stage heat 
exchanger which are formed in a two-stage structure, to 
enable the water to be converted into high-temperature 
steam, the energy of the high-temperature steam being 
recovered effectively as electric energy by the steam 
turbine. 

In the gas engine, a turbocharger is driven by the 
heat energy of an exhaust gas. and this heat energy is 
recovered by a compressor and a generator As de- 
scribed above, steam is generated by the exhaust gas, 
which is discharged from a turbine in the turbocharger, 
by the first stage heat exchanger and second stage heat 
exchanger, and a steam turbine is driven by this steam, 
the heat energy being able to be recovered as electric 
power by the generator. Accordingly in a gas engine, 
the exhaust heat energy is recovered by a heat ex- 
changer apparatus instead of an energy recovery tur- 
bine used in a conventional gas engine, so that a loss 
due to a back pressure encountered in a conventional 
gas turbine does not occur whereby the exhaust gas 
heat energy is recovered effectively. This enables the 
fuel consumption to be reduced. 

Embodiments of the present invention will now be 
described by way of example only, with reference to the 
accompanying drawings, in which: - 

Fig. 1 is a sectional view showing an embodiment 
of the heat exchanger according to the present in- 
vention; 

Fig. 2 is a sectional view of the heat exchanger tak- 
en along the line A-A in Fig. 1 ; 
Fig. 3 is a sectional view showing an embodiment 
of the heat exchange apparatus in which a pair of 
heat exchangers are incorporated; 
Fig. 4 is an explanatory view showing the gas en- 
gine provided with an energy recovery unit in which 
such a heat exchanger as is shown in Fig. 1 is in- 
corporated; 

Fig. 5 is an explanatory view showing a generator- 
motor-carrying turbocharger incorporated in the 
gas engine of Fig. 4; and 

Fig. 6 is an explanatory view showing a, steam tur- 
bine incorporated in the energy recovery unit pro- 
vided in the gas engine of Fig. 4. 

The embodiments of the heat exchanger, heat ex- 
changer apparatus comprising such heat exchangers, 
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and gas engine provided with such a heat exchange ap- 
paratus according to the present invention will now be 
described with reference to the drawings. 

First , the heat exchanger according to the present 
invention will be described with reference to Figs. 1 and 
2. 

A heat exchanger 6 (second stage heat exchanger) 
is formed of a casing 7 (second casing) incorporated in 
an exhaust passage 8, a tubular body 33 provided in the 
casing 7 and constituting partition walls, a water-steam 
passage 36 formed in the tubular body 33 and consti- 
tuting a low-temperature side passage in which a low- 
temperature fluid flows, and an exhaust gas passage 29 
which is formed in the portion of the interior of the casing 
7 which is on the outer side of the tubular body 33. and 
which constitutes a high-temperature side passage in 
which a high-temperature gas flows. The water-steam 
passage 36 is provided with porous ceramic members 
38 therein. The exhaust gas passage 29 is provided with 
porous ceramic members 42 therein. The porous ce- 
ramic members 38, 42 are provided therein with rein- 
forcing members 39 formed by mixing a fibrous material 
in a ceramic material. The heat transfer portions 40 
spread into the porous ceramic members 42 fulfil the 
function of receiving Ihe heat energy sufficiently from the 
exhaust gas and heating the steam passing through the 
tubular body 33 and porous ceramic members 38. 

The reinforcing members 39 are formed to a plural- 
ity of fin structures extending radially from the inner and 
outer surfaces of the tubular body 33, which forms the 
partition walls, into the porous ceramic members 38, 42. 
The reinforcing members 39 forming the high-tempera- 
ture side passage 29, in which the exhaust gas flows, 
are formed out of a complex material containing carbon 
fibers and silicon nitride, and the surface of this complex 
material is coated with silicon carbide. 

In the heat exchanger 6, the porous ceramic mem- 
bers 38 provided in the water-steam passage 36 consti- 
tuting the low-temperature side passage in which water 
and steam flows are formed out of a complex material, 
wherein the core portions thereof comprises silicon ni- 
tride, the surface of the silicon nitride portions being 
coated with silicon carbide. In another example, the po- 
rous ceramic members 38 are formed out of silicon ni- 
tride. The porous ceramic members 42 are formed out 
of a ceramic material, such as silicon nitride and silicon 
carbide. 

The heat exchanger 6 can be manufactured as fol- 
lows. The tubular body 33 forming the partition walls is 
molded at its partition wall core portions cylindrically by • 
using nonwoven cloths of carbon fibers, and a slurry ob- 
tained by mixing Si powder with carbon powder is 
spreading into the partition wall core portions, the sur- 
faces of these core portions being coated with the same 
slurry. The partition wall poritons with the slurry spread- i 
ing thereinto and also coated at the surfaces thereof with 
the same slurry are then sintered in N 2 gas at a temper- 
ature of around 1500^-1 700° C. Consequently, the slurry 



of Si powder and carbon generates a reaction and is 
converted into Sl3N 4 , so that the quantity of the carbon 
fibers in the partition wail core portions increases. Thus, 
carbon fibers remain in the partition wall core portions. 
$ Accordingly, the tubular body 33 of a structure in 
which the carbon fibers constituting the partition wail 
core portions are coated with their outer portion-forming 
Si 3 N 4 so as to keep the surfaces of the carbon fiber pori- 
tons not exposed to the outside can be produced. More- 
10 over, the surfaces, along which the water or steam flows, 
of the partition walls contains a slurry of SiC injected 
thereinto, and the partition walls are then sintered, the 
surfaces of the Si 3 N 4 being coated with SiC. The parti- 
tion wail core partions are thus formed to a structure pre- 
is venting the silicon nitride from being corroded. 

In another method, partition wall core portions on 
(he basis of which the partition walls 33 are made are 
formed to a cylindrical molded body by winding SiC fib- 
ers circularly, and the SiC fibers are then bent into a bel- 
20 lows type structure, which is put on the cylindrical mold- 
ed body. The resultant product is set in a mold. A slurry 
of SiC is then injected into the set product, which is 
thereafter sintered, and the SiC fibers lorming the par- 
tition wall core portions are coated with silicon carbide 
2S which is to form an outer portions of the partition walls. 
Thus, the tubular body 33 of a structure with the SiC 
fiber portions not exposed to the outside can be formed. 

The reinforcing members 39 comprise central por- 
tions of carbon fibers, and outer portions of silicon car- 
30 bide. The structures of the reinforcing members 39 com- 
prising the central portions and outer portions can be 
manufactured, for example, in the following manner. 

First, nonwoven cloths of carbon fiber are molded 
into core portions, into which a slurry obtained by mixing 
35 si powder and carbon powder with each other is spread, 
and the surfaces of the core portions are coated with 
such a slurry as mentioned above. The resultant prod- 
ucts are sintered in a N 2 gas at a temperature of around 
1500°-1700°C. Consequently, the slurry of Si powder 
40 and carbon generates a reaction, and is converted into 
Si 3 N 4! and the quantity of carbon fibers in the core por- 
tions increases, so that carbon fibers remain in the core 
portions. 

Therefore, reinforcing members 39 of structures in 
which the carbon fibers of the core portions of the rein- 
forcing members 39 are coated with silicon nitride con- 
stituting the outer portions of the same members with 
the carbon fibers not exposed to the outer side thereof 
can be formed. Thus, the carbon fibers of the core por- 

>o tions can be formed to structures in which they are coat- 
ed with silicon nitride which is obtained by converting 
the mentinoed slurry thereinto, and which constitutes 
the outer portion of the core portions, can be formed. 
Moreover, a slurry of SiC is injected into the reinforcing 

's members 39 positioned in the water-steam passage 36, 
and the resultant products are sintered, whereby the 
surfaces of Si 3 N 4 are coated with SiC, materials of im- 
proved corrosion resistance being thus manufactured. 
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An embodiment of the heat exchange apparatus ac- 
cording to the present invention will now be described 
with reference to Fig. 3. 

This heat exchange apparatus has such a heat ex- 
changer 6 (second stage heat exchanger) as mentioned t 
above incorporated therein, and comprises a heat ex- 
changer 4 (first stage heat exchanger) adapted to heat 
steam with an exhaust gas from an engine and provided 
in an exhaust passage 8, and the heat exchanger 6 pro- 
vided in the portion of the exhaust passage 8 which is " 
on the downstream side of the heat exchanger 4, and 
adapted to heat water with the exhaust gas from the heat 
exchanger 4 and convert the same into steam. 

The heat exchanger 4 comprises steam passages 
35 in which the steam heated by the heat exchanger 6 « 
provided in a casing 2 (first casing) flows, and tubular 
bodies 22 forming a plurality of exhaust gas passages 
28. in which an exhaust gas flows, provided in the steam 
passages 35. Porous ceramic members 37 are provided 
in the exhaust gas passages 28. Porous ceramic mem- 20 
bars 38 are provided in the steam passages 35. The 
heat exchanger 6 has the above-described structure. 

Referring to Fig. 3, the heat exchanger 6 is provided 
on the lower side of the heat exchanger 4. A tubular body 
33 forming a water-steam passage 35 in the heat ex- 2s 
changer 6 is provided vertically. The water is stored in 
a lower portion 34 of the tubular body 33 forming a par- 
tition wall defining the steam passage 36. The casing 2, 
7, tubular bodies 22 forming the exhaust gas passages 
28 and tubular body 33 forming the water-steam pas- 30 
sage 36 are formed oul of a ceramic material, such as 
SiC or AIN which has a high heat conductivity. 

In the heat exchanger 4, the heat transfer coefficient 
of the steam sent from the heat exchanger 6 thereto is 
low. Therefore, the heat exchange contact area of the 35 
steam, i.e. the heat exchange contact surface area of 
the steam passages 35 formed of porous members is 
set large, while the heat exchange contact area of the 
exhaust gas, i.e. the heat exchange contact surface ar- 
ea of the exhaust gas passages 28 is set small. *o 

In the heat exchanger 6. water is placed in the par- 
tition wall defining therein the water-steam passage 36 
and having a small area, i.e. tubular body 33. Since the 
heat transfer coefficient of the water and wet steam H z O 
is high, the heat exchange contact area of the water and 
wet steam, i.e. the heat exchange contact surface area 
of the water-steam passage 36 may be small. A pas- 
sage, in which the exhaust gas flows, formed on the out- 
er side of the partition walls, i.e. tubular bodies 33 com- 
prises an exhaust gas passage 29, which is set to a large so 
contact surface area with respect to the exhaust gas. 

The porous ceramic members 37, 42 provided in 
the exhaust gas passages 28, 29 are formed out of a 
ceramic material, such as SiC and Si 3 N 4 . 

The porous ceramic members 38 provided in the ss 
steam passage 35 and water-steam passage 36 are 
formed out of a ceramic material, such as SIC and Si 3 N 4 
coaled with SiC. 



The casings 2, 7, tubular bodies 22 forming the ex- 
haust gas passages 28, and tubular body 33 forming the 
water-steam passage 36 are formed out of a ceramic 
material of a low heat conductivity, such as SiC and AIN. 
* The heat exchanger 4 is formed so that the relation 
between the steam contacting surface area of the steam 
passages 35 and the outer surface area of the tubular 
bodies which form the exhaust gas passages 28 satis- 
fies the following equation. 

VA^O/a^fVM 

wherein A, represents an exhaust gas contacting sur- 
; face area, Ag an outer surface area of the tubular bodies 
22 forming the exhaust gas passages 28 : ctg a heat 
transfer coefficient of an exhaust gas. 5, the thickness 
of the tubular bodies forming the exhaust gas passages 
28, and X, the heat conductivity of the material of the 
heat exchanger 4. 

The heat exchanger 6 is formed so that the relation 
between the exhaust gas contacting surface area of the 
exhaust gas passages 29 in which porous ceramic 
members are provided and the outer surface area of the 
tubular body 33 forming the water-steam passage 36 
satisfies the following equation. 

A 3 :A 4 =(1/ct c ):<6 2 /X 2 ) 

wherein A3 represents an exhaust gas contacting sur- 
face area, A4 an outer surface area of the tubular body 
33 forming the water-steam passage 36, a heat 
transfer coefficient of steam, 63 the thickness of the tu- 
bular body 33 forming the water-steam passages 36, 
and X2 the heat conductivity of the material of the second 
heat exchanger. 

A gas engine provided with an energy recovery unit 
in which the above-described heat exchange apparatus 
is incorporated will now be described with reference to 
Figs. 3 to 6. 

The heat exchangers 4, 6 are incorporated in an en- 
ergy recovery unit, and positioned on the downstream 
side of a turbocharger 3 provided in an exhaust passage 
8 into which an exhaust gas from an engine 1 is dis- 
charged. The energy recovery unit is used to drive a 
steam turbine 5 by the high-temperature steam gener- 
ated in the heat exchange apparatus, and generate 
power by a generator 20 provided in the steam turbine 
5. The energy recovery unit is provided with a heat ex- 
changer 6 on the downstream side of the heat exchang- 
er 4, and the heat exchanger 6 is adapted to heat water 
with the exhaust gas passed through the heat exchang- • 
er 4, convert the water into sleam, and sent the steam 
to the heat exchanger 4. 

The gas engine 1 is a multicylinder or single cylinder 
engine operated by sequentially repeating four strokes, 
i.e. a suction stroke, a compression stroke, an expan- 
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sion stroke and an exhaust stroke, and can be applied 
to an engine 1 of small load fluctuation in a stationary 
cogeneration system or to a vehicular engine. 

The gas engine 1 is a single cylinder or murticy Under 
engine using a gas, such as a natural gas as a fuel and s 
capable of being applied to, for example, a cogeneration 
system, and it constitutes a prechamber type gas engine 
comprising a main chamber 1 A in which a combustion 
chamber is formed in a cylinder, and a prechamber 1 B 
communicating with the main chamber 1A through a io 
communication port and formed in a cylinder head 30. 

The gas engine 1 is provided with an exhaust man- 
ifold 44 lor discharging an exhaust gas from the main 
chamber 1 A of the combustion chamber, and a suction 
manifold 45 for supplying suction air to the main cham- *5 
ber 1A through a suction passage 10. The suction air 
from the suction passage 10 is supplied to the main 
chamber 1 A in each cylinder through the suction mani- 
fold 45, white the exhaust gas from each main chamber 
1 A prechamber 1 B is put together in the exhaust mani- 
fold 44 and discharged to the exhaust passage 8. A gas 
fuel comprising a natural gas is supplied from a fuel tank 
11 to each prechamber 1B of combustion chambers 
through fuel supply passages 9 by an operation of a fuel 
pressurization pump 1 3. 

The main and prech ambers 1 A, 1 B constituting a 
combustion chamber are formed to heat insulating 
structures by ceramic members and heal insulating lay- 
ers. The gas engine 1 is provided with a prechamber 
1 B, into which a reformed fuel is supplied, formed in the 30 
cylinder head 30, and the prechamber 1 B is formed so 
as to communicate with the main chamber 1 A when the 
communication port is opened by a control valve 31 . The 
compressed air from a compressor 1 6 in the turbocharg- 
er 3 is supplied to the main chamber 1 A through the sue- 3S 
tion passage 10. The prechamber 1 B is provided with a 
fuel valve 32, and a gas fuel is supplied from a fuel sup- 
ply passage 9 to the prechamber 1 B when the fuel sup- 
ply port is opened by the fuel valve 32. 

The gas engine 1 has a fuel tank 11 holding a natural *o 
gas fuel, a fuel pressurization pump 1 3 for supplying the 
gas fuel to the prechamber 1 B of a combustion chamber, 
a heat exchanger 4 provided in the portion of an exhaust 
passage 8 which is on the upstream side of a turbo- 
charger 3, a steam turbine 5 driven by the steam gen- *s 
erated by the heat exchanger 4, and a heat exchanger 
6 provided on the downstream side of the heat-exchang- 
er 4, adapted to convert a fluid (low-temperature steam 
and water) discharged from the steam turbine 5 into 
steam, and supplying the steam to the heat exchanger so 
4. 

The main chamber 1A and prechamber 1B are 
formed to heat insulating structures by ceramic mem- 
bers and heat insulating layers, and the exhaust gas dis- 
charged from the main chamber 1 A and through the ex- ss 
haust manifold is a high -temperature gas of around 
900 <> -800 o C. The gas engine 1 is formed so that the heat 
energy of the exhaust gas is recovered by the turbo- 



charger 3, and heat exchangers 4, 6. 

As shown in Fig. 5. the turbocharger 3 comprises a 
turbine 15 driven by an exhaust gas. a compressor 16 
connected to the turbine 15 via a shaft 18 and driven by 
the turbine 15. and a generator-motor 17 provided on 
the shaft 18. The compressor 16 is driven by the turbine 
15. pressurizes the air into compressed air, and supplies 
the compressed air from the suction manifold 45 to the 
main chamber 1A in each cylinder through the suction 
passage 10. The generator-motor 17 is capable of tak- 
ing out the rotational force of the turbine 15 as electric 
power, and thereby recovering the exhaust gas energy 
as electric energy. 

The heat exchanger 4 comprises a steam passage 
35. in which the steam heated by the heat exchanger 6 
provided in the casing 2, formed of a porous ceramic 
member 38, and a plurality of exhaust gas passages 28, 
in which an exhaust gas flows, provided in the steam 
passages 35. The heat exchanger 6 comprises a water- 
steam passage 36 which is provided in the second cas- 
ing 7 provided adjacently to the casing 2, and which is 
capable of storing water therein, and an exhaust gas 
passage 29. in which the exhaust gas from the heal ex- 
changer 4 flows, provided around the water-steam pas- 
sage 36. 

As shown in Fig. 6, the steam turbine 5 comprises 
a turbine 19 driven by the steam generated in the heat 
exchanger 4 : a turbine 24 adapted to receive the steam, 
which is discharged from the turbine 19, through a pas- 
sage 23. and driven by the same steam, and a generator 
20 provided on the shaft 20 which connects the turbines 
1 9, 24 together. Therefore, the steam energy drives the 
turbines 1 9, 24, the rotational force of which is recovered 
as electric power by the generator 20. 

The heat exchanger 6 provided in the exhaust pas- 
sage 8 is a gas-liquid phase heat exchanger adapted to 
generate steam by the exhaust gas energy, the steam 
being sent to the heat exchanger 4 through a steam pas- 
sage 41 . The steam which has driven the steam turbine 
5 turns into a fluid of a mixture of water and steam, which 
is discharged to a condenser 1 4 through a fluid passage 
27, and the fluid turns into high-temperature water in the 
condenser 14 and is sent to the heat exchanger 6 
through a water passage 26 by a water pump 1 2. The 
exhaust gas which has passed through the heat ex- 
changer 6 turns into a low-temperature gas (of, for ex- 
ample, around 200 6 C) from which the heat energy has 
been recovered substantially wholly, this exhaust gas 
being discharged to the outside. 

The gas engine is formed as described above, and 
operated in the following manner. 

When a suction valve (not shown) is opened with 
the control valve 31 closed, the air from the compressor 
16 in the turbocharger 3 is supplied from the suction 
manifold 44 to the main chamber 1 A through the suction 
passage 10. The air in the main chamber 1A is com- 
pressed at a compression stroke with the control valve 
31 closed. The fuel valve 32 is opened with the control 
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valve 31 closed, and a natural gas fuel is supplied from 
the fuel tank 11 to the prechamber 1B through the fuel 
supply passage 9 by an operation of the fuel pressuri- 
zation pump 1 3. The control valve 3 1 Is opened in a po- 
sition In the vicinity of the upper dead center of a com- $ 
pression stroke, and the compressed air In the main 
chamber 1 A flows into the prechamber IB the reformed 
fuel being mixed with the compressed air. ignited and 
burnt, the compression stroke transferring to an expan- 
sion stroke to make a piston 43 work. to 

The exhaust gas occurring in the main chamber 1 A 
and prechamber 1B at an exhaust stroke is sent out to 
the turbocharger 3 through the exhaust passage 6. In 
the turbocharger 3, the turbine 15 is driven, and the ro- 
tational force thereof is convened into electric energy by is 
the generator-motor 17 and drives the compressor 16. 
The electric power obtained in the generator-motor 17 
is accumulated in a battery, and consumed to drive ac- 
cessories. The compressor 16 also fulfils the function of 
supercharging the air to the combustion chamber 20 
through the suction passage 10. The exhaust gas which 
has passed through the turbine 15 in the turbocharger 
3 is sent to the heat exchanger 4 through the exhaust 
passage 8. 

The exhaust gas senl to the heat exchanger 4 is 
sent to the heat exchanger 6 through the exhaust gas 
passages 28. When the exhaust gas passes through the 
exhaust gas passage 26, it is subjected to heat ex- 
change with the steam sent from the heat exchanger 6 
to the steam passages 35 through the steam passage 
41 , whereby the steam is heated to a high temperature. 
The steam heated to a high temperature in the heat ex- 
changer 4 is sent to the steam turbine 5 through the 
high-temperature steam passage 25, and drives the tur- 
bines 1 9 : 24. Owing to the operations of the turbines 1 9, 
24, the generator 20 generates electric power. The elec- 
tric power generated by the generator 20 is accumulated 
in a battery, and consumed to drive the accessories. The 
high-temperature steam drives the steam turbine 5, and 
is converted into a fluid comprising low-temperature *o 
steam and water, which is sent to the condenser 14 
through the fluid passage 27 and turned into water, this 
water being sent to the water-steam passage 36 in the 
heat exchanger 6 through the water passage 26 by the 
operation of a water pump 1 2. 4S 

The exhaust gas sent from the heat exchanger 4 to 
the heat exchanger 6 is sent out to the exhaust passage 
8 through the exhaust gas passage 29 in the heat ex- 
changer 6. When the exhaust gas passes through the 
exhaust gas passage 29, it is subjected to heat ex- so 
change with the water passing through the water-steam 
passage 36, and turns into steam. The exhaust gas sent 
out to the exhaust passage 8 has its heat energy recov- 
ered by the turbocharger 3 and heat exchangers 4, 6, 
and has its temperature decreased to as low as, for ex- 
ample, around 200°C. 
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Claims 

1. A heat exchange apparatus provided with a first 
stage heat exchanger{4) installed in an exhaust 
passage (8) from which an exhaust gas Is dis- 
charged, and adapted to heat steam with the ex- 
haust gas: and a second stage heat exchanger(6) 
installed in the portion of said exhaust passage(S) 
which is on the downstream side of said first stage 
heat exchanger(4), and adapted to heat the water 
with the exhaust gas from said first stage heat ex- 
changer^) and turn the same into steam, said first 
stage heat exchanger (4) comprising a steam pas- 
sage (35) provided in a first casing(2) and provided 
with first porous ceramic members(38). and a first 
exhaust passage(2B). in which the exhaust gas 
flows, provided in said steam passage (35), the 
sleam heated in said second stage heat exchanger 
(6) flowing in said steam passage(35), said second 
stage heat exchanger (6) comprising a water-steam 
passage (36) provided in a second casing(7) formed 
adjacently to said first casing (2), and capable of 
storing water therein, and a second exhaust gas 
passage(29) formed around said water-steam pas- 
sage(36) and provided with second porous ceramic 
members(42) therein, the exhaust gas discharged 
from said first stage heat exchanger(4) flowing in 
said second exhaust gas passage(29). 

A heat exchange apparatus according to Claim 1 , 
wherein said steam passage(35) and said water- 
steam passage(36) are provided therein with po- 
rous ceramic members(38) respectively. 

A heat exchange apparatus according to Claim 1, 
wherein said second stage heat exchange r(6) is 
provided on the lower side of said first stage heat 
exchanger(4), said water-steam passage(36) in 
said second stage heat exchanger (6) extending 
vertically, the heat exchange area of said steam 
passage(35) in said first-stage heat exchanger (4) 
being set large, the heat exchange area of said wa- 
ter-steam passage(36) in said second stage heat 
exchanger (6) being set small, the water being 
stored in a lower portion of the interior of said water- 
steam passage(36). 

A heat exchange apparatus according to Claim 1, 
wherein, in said first stage heat exchanger(4), the 
relation between the exhaust gas contacting sur- 
face area of said first exhaust gas passage(28) and 
the outer surface area of a tubular body(22) consti- 
tuting said first exhaust gas passage(28) satisfies 
the following equation: 



A 1 : A 2 : 



):(6 1 /X 1 ) 
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wherein A , represents an exhaust gas contacting 
surface area. A 2 an outer surface area of said tu- 
bular body (22) forming said first exhaust gas pas- 
sage(28), a 0 a heat transfer coefficient of the ex- 
haust gas. 5 , the thickness of said tabular body(22) s 
forming said first exhaust passage(28), and A. 1 the 
heat conductivity of the material of said first stage 
heat exchanger(4). 

A heat exchange apparatus according to Claim 1 , '0 
wherein, in said second stage heat exchanger{6). 
the relation between the exhaust gas contacting 
surface area of said second exhaust gas passage 
(29) and the outer surface area of a tubular body 
(33) constituting said water-steam passage(36) sat- is 
isfies the following equation: 



stream passage (35), the steam heated in said sec- 
ond stage heat exchanger(6) flowing in said steam 
passage (35). said second stage heat exchange r(6) 
comprising a water-steam passage(36) provided in 
a second casing(7) formed adjacently to said first 
casing(2), and capable of storing water therein, and 
a second exhaust gas passage(29) formed around 
said water-steam passage(36) and provided with 
second porous ceramic members(42) therein, the 
exhaust gas discharged from said first stage heat 
exchanger (4) flowing in said second exhaust gas 
passage(29). a steam turbine(5) being driven by the 
steam occurring in said first stage, the water dis- 
charged from said steam turbine(S) being convert- 
ed into steam in said second stage heat exchanger 
(6). said steam being supplied to said first stage 
heal exchanger(4). 



A 3 :A 4 : 



(1/a c ) 



wherein A 3 represents an exhaust gas contacting 
surface area. A 4 an outer surface area of the tubu- 
lar body (33) constituting the water-steam passage 
(36). a c the heat transfer coefficient of the steam. 
6 2 the thickness of said tabular body (33) constitut- 
ing said water-steam passage(36). and X 2 the heat 
conductivity of the material of said second stage 
heat exchanger(6). 

6. A heat exchange apparatus according to Claim 1 , 
wherein tubular bodies(22 : 33) constituting said first 
and second casings(2 : 7), said first and second ex- 
haust gas passages(28, 29). said steam passage 
(35) and said water-steam passage(36) are formed 
out of a ceramic material of a high heat conductivity, 
such as SiC or AIN. 

7. A gas engine provided with a heat exchange appa- 
ratus, comprising a fuel supply unit(1 3) adapted to 
supply a gas fuel from a fuel tank(li) to a combus- 
tion chamber(1A, IB) , a turbocharger(3) -carrying 
energy recovery unit(10) provided in an exhaust 
passage (8) through which an exhaust gas from said 
combustion chamber(1A, 1B) is discharged, a first 
stage heat exchanger(4) provided in the portion of 
said exhaust passage(8) which is on the down- 
stream side of said turbocharger(3), and adapted to 
heat steam with the exhaust gas, and second stage 
heat exchanger(6) provided in the portion of said 
exhaust passage (8) which is on the downstream 
side of said first stage heat exchanger (4), and 
adapted to heat the water with the exhaust gas from 
said first stage heat exchanger(4) and convert the 
same into steam, said first stage heat exchanger(4) 
comprising a steam passage(35) provided in a first 
casing(2) and provided with first porous ceramic 
members (38), and a first exhaust passage(28), in 
which the exhaust gas flows, provided in said 



8. A gas engine provided with a heat exchange appa- 
20 rat us according to Claim 7, wherein said steam lur- 

bine(5) driven by the high-temperature steam oc- 
curring in said first stage heat exchanger(4) gener- 
ates power by a generator (20) provided in said 
steam turbine(5). 

25 

9. A gas engine provided with a heat exchange appa- 
ratus according to Claim 18. wherein said second 
stage heat exchanger(6) is adapted to heat said wa- 
ter with the exhaust gas which has passed through 

30 said first stage heat exchanger(4) and convert the 
same into steam, the steam from said second stage 
heat exchanger (6) being sent to said first stage 
heat exchanger(4) and heated to a higher temper- 
ature. 

35 

10. A heat exchanger comprising casings(7) incorpo- 
rated in an exhaust passage(8) in which an exhaust 
gas flows, partition wails(33) arranged in said cas- 
ings(7). a low-temperature side passage(36), in 

40 which a low-temperature fluid flows, formed on the 
inner side of said partition walls(33), and a high- 
temperature side passage(29), in which a high-tem- 
perature exhaust gas flows, formed in the portions 
of said casings(7) which are on the outer side of said 

45 partition walls(33), said fluid being heated with the 
exhaust gas, porous ceramic m ember s(38) being 
provided in said low-temperature side passage(36) 
and said high-temperature side passage(29), rein- 
forcing members(39) formed by mixing a fibrous 

so material in a ceramic material being arranged in 
said porous ceramic members(38, 42). 

11. A heat exchanger according to Claim 10, wherein 
said reinforcing members(39) comprise fins extend- 

ss jng radially from the inner and outer surfaces of said 
partition walls(33) into said porous ceramic mem- 
bers(38, 42). 
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12. A heat exchanger according to Claim 10, wherein 
said reinforcing members (3 9) comprise core por- 
tions of silicon carbide fibers or carbon fibers, and 
outer portions of silicon carbide. 

5 

13. A heat exchanger according to Claim 10, wherein 
said reinforcing members (39) provided in said high- 
temperature side passage(29) in which an exhaust 
gas flows comprise core portions of nonwoven 
cloths of carbon fibers, and Si 3 N 4 layers formed by 10 
spreading a slurry, which is obtained by mixing Si 
powder with carbon powder, into said core portions, 
coating the surfaces of said core portions with said 
slurry, and sintering the resultant products in a N 2 
gas at a temperature of around 1500°C- 1700 9 C, 
said carbon fibers in said core portions being coated 
with said Si 3 N 4 layers. 



20. A heat exchanger according to Claim 1 9, wherein 
6akJ heat exchanger is provided in the portion of 
said exhaust passage (8), to which the exhaust gas 
from an engine(l) is discharged, which is on the 
downstream side of a turbocharger(3). 



14. A heat exchanger according to Claim 10. wherein 
said reinforcing members(39) constituting said 20 
high-temperature side passage(29) in which the ex- 
haust gas flows comprise a composite material con- 
taining carbon fibers and silicon nitride, the surface 

of said complex material being coated with silicon 
carbide. 2s 

15. A heat exchanger according to Claim 10, wherein 
said porous ceramic members(38, 42) comprise sil- 
icon nitride, the surface of said silicon nitride being 
coated with silicon carbide. 30 



16. A heat exchanger according to Claim 10. wherein 
said porous ceramic members(3S) provided in said 
low-temperature side passage(36) in which the wa- 
ter and steam constituting said fluid flows comprise 3$ 
silicon carbide or silicon nitride coated with silicon 
carbide. 



17. A heat exchanger according to Claim 10, wherein 
said porous ceramic members(42) provided in said *o 
high-temperature side passage(29) in which the ex- 
haust gas flows comprise silicon nitride. 



18. A heat exchanger according to Claim 10, wherein 
said partition walls(33) along which the exhaust gas *s 
flows comprise wall core portions of nonwoven 
cloths of carbon fibers, and silicon nitride layers 
formed by spreading a slurry, which is obtained by 
mixing Si powder with carbon powder, into said wall 
core portions, coating the surfaces of said wall core so 
portions with said slurry, and sintering the resultant 
products in a N 2 gas at a temperature of around 
1500°C- 1700°C, said carbon fibers being coated 
with said silicon nitride. 

ss 

19. A heat exchanger according to Claim 10, wherein 
said exhaust passage is a passage to which the ex- 
haust gas occurring in an engine is discharged. 
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